Hypertrophic scar cells fail to undergo a form of apoptosis specific to contractile collagen-the role of tissue transglutaminase.
Failure of apoptosis has been postulated to cause the hypercellularity and thus excess scar-tissue formation of hypertrophic scars (HTS). Here, we have examined the susceptibility of fibroblasts derived from normal or HTS to apoptosis induced during collagen-gel contraction, a wound-healing model. Normal scar (NS) fibroblasts underwent significant apoptosis (>40% total) in contractile collagen, whereas apoptosis was not detected in HTS cells. This inability was specific to apoptosis induced by contractile collagen because apoptosis could be induced using diverse modalities. Since chronic fibrotic tissue is known to be excessively cross-linked, we next examined whether collagen matrix that had been conditioned by HTS fibroblasts became refractory to enzymatic breakdown and indeed, found that it is resistant to breakdown by both collagenase D and matrix metalloproteinase-2. Newly formed extracellular matrix is stabilized by the enzyme, tissue transglutaminase, which we demonstrated to be overexpressed by HTS fibroblasts in vivo and in vitro. Reducing tissue transglutaminase activity in collagen gels containing HTS fibroblasts permitted induction of apoptosis on gel contraction, whereas increasing enzymic activity in NS cell-containing gels completely abrogated collagen-contraction-induced-apoptosis. Together, these observations show that HTS fibroblasts exhibit resistance to a specific form of apoptosis elicited by contraction of collagen gels, and that this phenomenon is dependent on excess activity of cell surface tissue transglutaminase.